Introduction
The first paper of this series (l) dealt with the thermal behavior of sodium methanoate and ethanoate. Here we report on the next higher homolog of this alkanoate family, sodium propanoate (CH,CH,CO,Na), hereafter designated as Na3C. The investigation of the thermophysics of this salt in the temperature range between 9 K and the melt region was regarded to be of special significance for the following reasons: (i) the available literature gave conflicting information about the number, temperature ranges of stability, and nature of the phases existing above 300 K, particularly whether or not Na3C exists in a mesomorphic liquid state, i.e. as a liquid crystal within a temperature range interposed between those pertinent to the "true" crystalline and the "true" liquid states; (ii) the few available enthalpy increments associated with the transitions exhibited rather large discrepancies; (iii) adiabatic equilibrium heat capacities were completely missing, although above 300 K a few semi-quantitative measurements had been taken by one of us(') in 1975 on the solid and on the melt by d.s.c. employing the ordinate displacement method.
For a better understanding of the first two points listed above, a few more details (arranged in chronological order) are given. Sokolov, using a visual-polythermal technique, foundC3' a fusion temperature T,,, of 571 K andr4' non-specified solid-tosolid transitions (NST'S), i.e. transitions for which neither structural nor phenomenological information is given for the phases concerned, at 560, 490, 468. and 350 K. Baum et CI/.'~' obtained T,,, = 563 K by hot-stage polarizing microscopy. Ubbelohde et ~1.~~' reported "a fugitive mesophase extending only 1 K above the melting point" (Fuh = 566K, and ArucHm = 8.8 kJ.mol-'; both of them "provisional" values by d.s.c.), but did not mention it in a subsequent paper"' where a fusion temperature of (561+ 1) K is given and the occurrence of two (instead of Sokolov's four) NST and found-in agreement with the British authors quoted above--two NST'S (at 494 and 470 K); for the latter. due to some difficulties in evaluating separately the peak areas, they preferred to consider the "transition group" as a whole, for which the overall enthalpy increment was 7.4 kJ mol-' The number and (approximate) temperatures of solid-state transitions as given in Ferloni et ~1.'~' was supported further by a subsequent"' polythermal X-ray diffractometric (130 to 540 K) and conductometric (420 to 540 K) investigation in the same laboratory. Feloni et al. also did not find evidence for a mesomorphic phase. Roth et ul., (lo1 however, on the basis of simultaneous d.t.a. and electricconductivity measurements claimed that the salt melted at 545 K having undergone a single NST at 478 K, and that it existed in a liquid-crystalline state between 545 and 561 K. The situation is summarized in figure 1. 
Experimental SAMPLE PROVENANCE
Na3C was prepared by adding to a suspension of Merck "Suprapur" sodium carbonate in anhydrous methanol a slight excess (5 mass per cent) of Fluka puriss p.a. propanoic acid (2 99.5 moles per cent; tested by g.c. at the origin). After refluxing for 45 min the solvent and excess acid were evaporated under a reduced pressure in a Rotavapor device at about 330 K; the last traces of them were removed by further drying under vacuum at the same temperature. The solid recovered (about 200 g) was purified by recrystallization from (methanol fethanol) (volume ratio: 1); only the portion precipitated at room temperature (about 57 g), after drying at 400 K for a few days, was employed for the preparation of the samples. The melting interval was less than 0.1 K (see figure 5) , and d.s.c. analysis gave traces fully agreeing with those reported in reference 2.
CALORIMETERS, ADIABATIC ASSEMBLIES, AND COMPUTER ASSISTANCE These have been previously described. (l) The gold-plated copper calorimeter employed between the liquid-helium region and 320 K with the Mark X cryostat, and the silver calorimeter employed between 300 and 580 K with the Mark IX thermostat were loaded with 25.719 and 28.928 g of Na3C; the corresponding amounts of substance were taken as (l/3.73499) and (l/3.32073) mol on the basis of the IUPAC 1973 relative atomic masses. After loading, the air within the calorimeters was removed and replaced with a few kPa (at 300 K) of helium; tight sealing was obtained by means of annealed gold gaskets pressed on to the knifeedges of the calorimeter sealing ports. Buoyancy corrections were calculated using the average of the densities obtained by X-ray crystallography and by pyknometry at 298 K (1.506 and (1.49kO.03) g*cme3, respectivelyj.ol'
Results

HEAT CAPACITIES AND RELATED FUNCTIONS
The molar heat capacity obtained in the Mark X cryostat and the Mark IX thermostat are listed in chronological order in table 1 and plotted in figures 2, 3, and 4. The probable errors in the different temperature regions are the same as those specified elsewhere,"' except for Crystal II (see below). The overlapping of the upper end of the low-temperature curve pertinent to Crystal III with the lower end of the high-temperature curve was fully satisfactory.
For the latter phase, the smoothed (&,,/R)s calculated as described"' at selected temperatures are listed in table 2 along with the corresponding derived standard thermodynamic functions. The sample in the cryostat underwent the following thermal cycles: (I), 300 K + liquid helium region + 300 K (measurements taken between 9 and 75 K ; Series I in table 1; Mark X cryostate); During the third cycle it was observed that the lower end of Series III did not overlap with the upper end of Series I. This peculiarity was found again in the fourth cycle. On the contrary.
an overlap with Series 1 was obtained for the points belonging to Series VI. The above facts suggest that metastability exists in Na3C at low temperatures, although the conditions for the occurrence of a metastable state during a given cooling are still not clearly understood. As shown in figure 3 , the metastable C,, m 's taken between the solid nitrogen region and about 215 K lie on two distinct curves with a marked discontinuity apparent at 105 to 110 K. This suggests further the existence of two metastable phases (designated as III' and III", respectively, in table 1) with a phase transition at the temperature mentioned. No information on such phases was found in the literature. The situation, however, is far less favorable for Crystal II, i.e. in the 24 K wide interval between the two solid-to-solid transitions. The "sharpness" of the transitions seems to depend to some extent on the thermal history of the sample, which-inter &a-affects noticeably the shapes of the "tail" of Transition (III -+ II), and of the "foot" of Transition (II --+ I). This, in turn. affects the apparent heat capacities of the sample in the temperature interval pertinent to Crystal II (see table 1, under the heading "Crystal II," and figure 4). As an obvious consequence of the above facts, both the temperatures and the enthalpy increments relevant to the solid transitions were determined with less accuracy than that of those pertaining to fusion.
The 340 to 460 K (Crystal III), 520 to 550 K (Crystal I), and 570 to 580 K (liquid): these also can be favorably compared with the present results, the mean difference being less than 3 per cent (compare table 5).
COMPARISON OF THE HEAT CAPACITIES OF THREE SODIUM ALKANOATES
From 300 K to the liquid-helium region, sodium methanoate (NalC) Crystal IIo2' and Na3C Crystal III(") are monoclinic, whereas Na2C Crystal IVo3' is orthorhombic from 300 K to the transition peak at T;,, = 21 K. Although the structure of Na2C is different, it seemed reasonable to expect C,,,,/R values intermediate between those of the lower and higher homologs, except in the neighborhood of the transition peak. Actually, the heat capacity of Na2C remains larger than that of Na3C up to about 63 K, i.e. up to more than 40 K above the peak. This possibly means that the (so far unknown) intimate molecular process at the origin of the transition goes to completion only at a temperature significantly higher than IT;,,. If such a view is accepted, the entropy increment, A,,&, of the above process is significantly enhanced by a large high-temperature "tail".
MELTING AND FRACTIONAL FUSION
Two separate enthalpy-type determinations (table 1) 
